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I. INTRODUCTION 

In June 1973 the Electronics and Space Division of the Emerson Electric Co. 
proposed its AN/APQ-153 Fire Control Radar modified to provide angle tracking 
capability for evaluation by the National Aeronautics and Space Administration, 
Manned Space Center, for application as a test bed rendezvous system for the Space 
Shuttle. 

This proposal was accepted and in July 1974 the Tracking and Communications 
Development Division of NASA/ Johnson Space Center, Houston, received delivery of 
the Emerson Electric modified version of the operational AN/APQ-153 Fire Control 
Radar system. 

In the time period from December 1974 to June 1975 Emersons' system underwent 
comparative evaluation with an RCA modified Apollo Rendezvous Radar (MARK) . These 
activities in Rendezvous Radar test and evaluation were carried out by Lockheed 
Electronics Co., Inc., for the Tracking Techniques Branch, TACD of NASA/ Johnson . 

In November 1975 Emerson was placed under contract (NAS 9-14760) titled Radar 
Performance Improvements in order to provide some low cost but very desirable per- 
formance increases. This work was completed in June 1976 and the following consti- 
tutes the final engineering report. Consider the Contract Statement of Work, and 
the amendment to the Statement of Work, paragraph 3.3 on Interface Design, both 
reproduced in Appendix A. Consistent with this statement this final report is 
divided into three major sections: II. Frequency Agile AFC Modifications, 

III. Range Rate Improvement Modifications, and IV. Radar to Computer Interface 
Design. The Mods Marked-Up drawings are included in Appendix B. Finally, a Com- 
parison Between Non-Coherent and Coherent Radars was done as an extra task and is 
included in Section V. 

In Section II the Frequency Agile AFC Modifications are outlined in d't.iil. 

With these changes it is estimated that the range at which the probability of single 
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scan detection is 0.8 or greater is increased by at least 35%. Perhaps of more 
Importance is the prediction that the target-induced range tracking part of the 
errors will be reduced by at least a factor of 2.5. These Improvements may be 
confirmed in the coming test program by the ability to switch the Frequency Agility 
in and out. 

In Section III the Range Rate Improvement Modifications are well indicated. 

The analysis shows that the changes made relative to the range-rate output should 
result in range-rate noise errors on the order of + 3 ft/sec. With these modifica- 
tions, and an additional simple single pole RC filter (RC = 1 second) on the range- 
rate output point the maximum excursion due to system "noise" over a 30 second 
observation period on an oscilloscope presentation was + 1 foot per second. 

In Section IV the Radar to Computer Interface Design is presented. This 
design includes a schematic, parts list, and functional description. The design 
provides the necessary conversion to digitally interface with sufficient isolation 
to prevent excessive loading and/or distortion and pick-up. 

Section V contains a preliminary parametric design and comparison of non- 
coherent and coherent radar systems for the Shuttle Rendezvous range and range- 
rate error requirements. 

In summary, these analyses indicate that the Shuttle Rendezvous range and range- 
rate requirements of 3 or = 1 ft and 30 r = 1 ft/sec, respectively, can be made by a 
Ku-Band Non-Coherent Pulse Radar providing the range tracker instrumentation is 
improved correspondingly. With the Frequency Agility capability and the changes 
made to our all analog range tracker, and the demonstrated system "noise" level at 
the range rate output indicate that the Improved AN/APQ-153 NASA radar system can 
approach these requirements. Thus, with further development and the range-tracker 
employing the final optimum bandwidth and using digital instrumentation ^ it is an 
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easy extrapolation to a Ku-Band Non-Coherent Pulse radar system which meets the 
stringent shuttle rendezvous range and range~rate accuracies, further, it appears 
that the pulse-to-pulse frequency agility^practical on the Ku-Band Non-Coherent 
Pulse system, and extremely difficult with the Coherent system, will reduce the 
target-induced range and range-rate errors (dominating at near ranges less than 
1000 ft) by a factor of 2,5 or more. 

II. FREQUENCY AGILE AFC MODIFICATIONS 

The major advantages of introducing frequency agility are two: (1) the detec- 

tion ranges (for which single scan detection probabilities are 0.5 to 0.9) are 
significantly increased (see Figure II) , and (2) the target induced range tracking 
errors due to reflection energy centroid random motion back and forth on the target 
(glint or scintillation phenomena) are reduced by at least a factor of 2.5 whether 
leading-edge tracking or other tracking techniques are employed. In the close-in 
range and range rate tracking problem, this factor can significantly reduce the 
errors, because the errors will primarily be these target induced ones, not ones 
due to receiver noise or range tracking instrumentation. 

II. 1 Frequency Agility Kit 

The frequency agility kit was completely assembled at Emerson and successfully 
demonstrated to NASA engineering personnel during the latter part of March. It was 
delivered to NASA/Houston by Jack Kubicek of Emerson Electric during the early part 
of April. The following list indicates the modifications made to include the fre- 
quency agility in the NASA system. 

I. Modifications to NASA Receiver/Transmitter 

Affected Drawings: 656950 

1. Add wire between TBl terminal //2 to A10J5 Pin 9 (+ 30 V). 

2. Replace above deck wire harness on basic R/T with 633775-1 
wire harness. 
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3. Replace basic local oscillator A3A9 with agile L.O, 633738-1. 

4. Replace basic magnetron (633133-1) with agile magnetron 
(633737-1). 

5. Replace post AMP/AFC assembly (633157-307) with POST AMP/AFC 
assembly (633980-1). 

6. Replace air duct assembly (633413-1) with air duct assembly 
(633413-5). 

7. Replace bracket assembly (633301-1) with bracket assembly 
(633864-1). 

8. Replace R/T top dover with modified cover. 

II. Modifications to NASA Processor 


Affected Drawings; 656973 

1. To Interface with the processor the AFC #2 signal must be 
disconnected from the AFC BIT monitor (A1A3) . This is 
accomplished by removing R73 from the A1A3 card. 

III. System Cable and FCR Simulator/Monitor Modifications 


Affected Drawings; 656902. 656901 

1. Frequency agility On/Off command. 

a. The R/T will be in the frequency agile mode when the R/T 
connector J1 pin F is connected to signal ground. 

b. The R/T will be in the fixed frequency mode when the con- 
nector J1 pin F is open. 

2. Frequency agility On/Off command installation. 

a. Remove wire between R/T connector J1 pin F and processor 
connector J4 pin F. (+ 28 VDC/14 VAC RET.) 

b. Add wire between R/T connector J1 pin F and the FCR simu- 
lator/monitor J9 pin N. 

c. Add a switch in the FCR simulator /monitor as shown below: 


J9 

Agile On/Off 

Off 

W " 

'X! 


1 On 


The marked-up darwings are Included to document the changes made. These 
drawings are listed as follows and are Included in Appendix B: 

Receiver Transmitter Radar 634300 

Power Supply Trans, and AFC Bit 656973-1 

Circuit Card Assembly Power Supply Bit 656973-2 
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System Wiring Schematic Radar Processor to 656901 
Xmitter Receiver 

FCR Interface Simulator/Monitor 656902 
Circuit Card Assembly, Frequency Agility, AFC 633922 
AFC Assembly, Post Amplifier Assembly 633980 
Circuit Card Assembly, Post Amplifier 633156 


II . 2 Frequency Agility Description and Performance 

The operational performance of the pulse radar is improved by the use of the 
frequency agility where the transmitted frequency is changed on a pulse-to-pulse 
basis. The peak-to-peak frequency excursion is 100 MHz at an agility rate of 
100 Hz. Frequency agility is mechanized in the receiver/transmitter LRU as shown 
in Figure II. 2-1. The 6543 magnetron was replaced with an agile magnetron which 
has the same high v. Itage and RF interface with the modulator as the present 
magnetron. 

To mechanize frequency agility in a coaxial magnetron one can dither a timing 
plunger or drive an expanding ring at the agile rate to vary the cavity dimensions. 
In either case, a permanent magnetron (PM) resolver is attached to the motor shaft 
to provide a readout voltage proportional to the transmittal, frequency. This out- 
put is used in the coarse AFC loop. 

The frequency agility technique requires that on a pulse-to-pulse basis the 
transmitter frequency be separated by an amount greater than the receiver bandwidth 
(3 MHz). This requires the transmitter output to be frequency modulated. The fre- 
quency modulation and agile rate are determined to be 100 MHz and 100 Hz, respec- 
tively. Since the transmitter frequency is changed on a pulse-to-pulse basis, the 
AFC local oscillator (LO) must track the varying transmitter frequency. A block dia- 
gram of the frequency agility system is shown in Figure II. 2-2. The AFC loop is required 
to sample the transmitted RF frequency during the transmit pulse and then to gene- 
rate a local oscillator frequency separated from the transmitter frequency by the 




AGILE AFC BLOCK DIAGRAM 



OSCILLATOR 
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system IF. As the transmitter frequency changes from pulse-to-pulse, the tracking 
local oscillator stabilizes lo the transmitter frequency before the transmitter 
pulse is turned off. That stabilized frequency must be maintained over the inter- 
pulse period at least for a length of time corresponding to the maximum range of 
20 NM. 

The input to the Automatic Frequency Control is from the AFC mixer which com- 
bines the magnetron rf sample with the local oscll} or signal to produce the 
difference frequency, or RFC IF error which is fed to the wide band IF amplifier 
and limited (see Figure II. 2-2). This is followed by a 2-stage power amplifier 
which also provides IF pulse for BIT target to drive the high and low pass filters 
which make up the frequency discriminator which is centered within the IF pass 
band. The outputs of the high and low pass filter/detector combinations are summed 
in the loop integrator/filter. This is followed by a level changing amplifier with 
a gain of two. *^6 output of this amplifier is used to drive the local oscillator. 

At the beglimlng of each successive transmission of the magnetron, an error 
exists between the actual frequency of the local oscillator, established for the 
previous maggle transmission, and the local oscillator frequency required for the 
present transmission. This frequency error generates an actual error voltage at 
the output of the o.. crlminator which drives the local oscillator in a direction 
tending to bring the error to ‘zero. 

The actual error voltage is not normally viewable. It can however be seen by 
means of a 2-lnput differential oscilloscope attached to the outputs of the high 
and low pass filter outputs. 

This error lasts for about 200 nanoseconds as the AFC loop is correcting 
itself. The fast time constant of loop filter/integrator which permits the loop 
to correct with the main bang, also permits it to decay rapidly after the main band, 
and so it is necessary to sample the outp'it of the Integrator Immediately after it 
has corrected and settled and hold the new value during the period between pulses. 
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The saaftle and hold which loops around the filter/integrator performs this 
function. The S/H is actuated by a video pulse which is obtained from the wide 
band IF and limiter amplifier. The detected video pulse issued to trigger a one 
shot which provides the sampling pulse for the sanq>le hold. This pulse is 
fed out as a BIT trigger to turn on the test target in the post IF amplifier. 

In addition to requiring a new agile magnetron, the frequency agility modi- 
fication also required a n^ local oscillator and the above-described AFC circuits. 
The new local oscillator had to have a tuning range compatible with the agile mag- 
netron . A unit with the same physical dimensions as the present LO was installed 
in the same location. The receiver module which is shown in Figure II. 2-1 con- 
tains the AFC circuits. With the addition of frequency agility an additional 
circuit board was required in the receiver module. To accomodate this, the height 
of the module was increased approximately 1/2 inch. This allowed the installation 
of the new AFC circuits which required printed circuit boards to replace the exist- 
ing single AFC board. The additional height of the receiver module, however, did 
not require an increase in the overall receiver-transmitter LRU envelope. 

BIT 

The AFC failure- indicating-circuits look for 3 things. The first two consti- 
tute a window detector to determine if the AFC output control voltage to the local 
oscillator is within its dynamic range. The third determines if the agile motor 
is running by determining if the control voltage is crossing a reference voltage 
and how often it is crossing this voltage. These signals are OR'd so that if any 
one is improper, an AFC fail is indicated. 
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III. 8AMGE RATE IMPROVBIEMT MODIFICATIONS 

The AN/APQ-153 range-tracker was originally designed for the high closing and 
opening rates and accelerations in air-to-air combat. The shuttle rendezvous 
range and range rate error requirements are 3og » 1 ft and 3ag 1 ft/sec, respec- 
tively. Analysis showed that the range rate smoothing bandwidth reduction of about 
10 was required to obtain these magnitudes of errors. Sufficient changes were made 
in the analog range-tracker to approach these values. With these changes including 
a sisq>le single pole RC filter (RC » 1 second) on. the range rate output point, the 
system "noise" excursion over a 30 second observation on an oscilloscope did not 
exceed + 1 ft/sec. 

III.l Range Tracking Modification Kit 

Range Tracker Modification Kit boards were delivered, installed, and tested 
by Emerson Electric engineer, Jim Gebhart. and accepted by NASA/Houston personnel 
in June. The following list indicates the modifications made to. the R£mge Tracking 
boards to obtain the desired range rate accuracy improvement: 

I. Circuit Card AU14 (NASA Board 656984) 

a. Replace AR3 (ES3204-02) with LM108A (ES5309-01) see note 1. 

b. Replace R35, was 14. 7K 1%. now 32. 4K 1%. 

c. Replace R22. was 29. 4R 1%. now 2.32R 1%. 

d. Replace C6, was (ES3182-01) now 4 (ES3399-27F) connected in 
parallel. 

e. Replace R2, was 681 1%, now 20. 5K 1%. 

f. Replace R18. was 24. 3K 1%, now 294R 1%. 

II. Circuit Card A1A13 (NASA Board 656983) 

a. Replace ARl (ES3203-04) with LM108H (ES5309-01) see note 1. 

b. Replace AR2 (ES3203-04) with LM108H (ES5309-01) see nott 1. 

c. Replace R89, was 7.87K 1%, now 49. 9K 1%. 
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III. Processor Wire List Changes (656960. Sheet 2) 

a. Remove wire from A1XA13-8 to A1XA14-45. 

b. Add wire from A1XA14-33 to A1XA14-45. 

Note: 111108 op-amps are pln-for-pln replacements for 741 *s. However, 

each IH108 needs a 100 pF (H39014/01-1379) between pin 8 and 
ground for frequency compensation. 

The basic performance of the AN/APQ-153 range rate circuitry was originally 
optimized for velocities of 3,000 ft/sec closing and 1,000 ft/sec opening. However, 
the rendezvous parameters are much closer to 300 -ft/sec opening to 100 ft/sec clos- 
ing. The scale factor of the range rate output was increased a factor of -10 
changing the 5 millivolts per ft/sec to -50 millivolts per ft/sec. The noise level 
was correspondingly reduced by changing the transfer function to the range rate 
output, and reducing the effective noise bandwidth in the process. 

Referring to Figure III. 1-1 the basic AN/APQ-153 tracking loop, the range 
tracker functional diagram, and the NASA modifications in italic type, are both 
shown. 

Simplified block diagrams of both the basic and NASA mod range tracker are 
indicated in Figure III. 1-2. The loop transfef functions aud smoothed range rates 
out become: 



Basic 

NASA Mod 

Open Loop Transfer Function 

(-111) 

(8.88) 

Smoothed Range Rate Out 

5 it 

50 n 

(1 + .064S) 

(1+ .496S)(1 + .064S) 


Thus, the acceleration constant is reduced from 111 to 8.88 and another pole 
smoothing is Introduced into the range-rate output along with a scale factor of 50 
Instead of -5 (a factor of -10) . 
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FIGURE III. 1-2 

RANGE TRACKER SIMPLIFIED BLOCK DIAGRAMS 


A. BASIC 



RATE OUT 


B. NASA MOD. 



C. NASA MOD. (R p Hrawn to be Analogous to BASIC) 



SMOOTHED RANGE 
RATE OUT 




























15 


With A1 Cunningham present, Jim Gebhart demonstrated the actual range-rate 
noise level at the range-rate output point of the Range Tracker. The maximum ex- 
cursion was + 3 feet per second over a 30 second observation period on an oscillo- 
scope presentation. Adding a simple RC filter as shown below, the output noise 
swing was reduced to + 1 foot per second over a 30 second obsecvation period. 

This final bandwidth may be close to that of the Interface A/D converter. 


R » 30K 

•— AAA/- 




Cq ^ 1 ^ 1 

^ “ l+RCS “ 1 + S 

RC « 1.0 seconds 


The marked-up drawings are Included to document the changes made. These 
drawings are listed as follows and are included in Appendix B: 


1st and 2nd Integrators 
Pulse Gen, TRR, Gate Position 
Radar Processor (Wiring) 


656984 

656983 

656960 (Sheet 2) 
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III. 2 Range Rate Improvement Analysis 

The block diagram of the basic M/APQ-153 range tracking loop shown In 
Figures III. 1-1 and III. 1-2 Is put Into a general K parameter form below: 



FIGURE III. 2-1 


The transfer functions In terms of the above parameters with (l + TiS)“^= (1 + .005S)“^ 
1 becomes: 



s H(S) 

Rl(S) 

as +b 
s 2 +as + b 

(1) 



flSUs] I S W as+b \ 

( 2 ) 

Ri(S) 

ht(s) i^i+x 2 sj Usy 

VKsy V 1 + T 2 S/ \S2+as+b/ 


Ms) = 1 

Rl(S) 

f ds ^ 
\S^+as + hj 

(3) 


a « K1K4K5 

b * K 1 K 2 K 3 K 5 *• open loop gain 
d “ K 1 K 2 K 3 - open loop gain to tap for Rp(t) 

The noise bandwidth (0n) (not to be confused with the usual servo bandwidth) Is 

defined In terms of the transfer function H(S) as follows: 

If H(w) s H(S)| 5 sj^ and |Hm(w)| Is the maximum amplitude of H(W) 
then the noise bandwidth becomes: 


J |H(w)| 


^ dw 


|Hm(w) 


(5) 
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and for the AN/APQ-153 general parameters previously defined, the specific H(w) 2 
becomes: 


|H(w) |2 


1 + 1 

(b'l 

iavi 



OJ 



( 6 ) 


and for C » Kg/Ks 

|ht(w)| 


|2 = r c2 W2 1 

^ * (Hf 

1 L1+(T2w)2J 



(7) 


The range equivalent thermal noise error on 'has been derived from extensions 
of Barton's treatment* for the split gate tracker as in the AN/APQ-153. 

i/rp C 

" ‘ /F 

where it is assumed that: 


( 8 ) 


Tg ^ T and t»Br » 1 


where 


Tg * Total split gate width * 2x pulse width (.85 ps) 

T • Pulse length (0.425 ps) 

6r * Receiver bandwidth (3 MHz) 
f a Pulse repetition frequency (2500 per second) 

S 

— « Slgnal-to-nolse power ratio at end of IF 

C ■ Velocity of light (feet/second) 

Bn ** The noise bandwidth as defined earlier 

C 

Us'^ng the basic AN/APQ-153 nominal parameters the — ratio in db at 4 nm Is 31.46. 

N 

For 0 to be 1/3 ft at this slgnal-to-noise ratio, the noise bandwidth gn deter- 
mined from the above must be 0.5 Hz. 

Inserting the basic AN/APQ-153 parameters equations (6) and (7) become: 


*Barton, D.K. "Radar System Analysis" Chapter 11, Prentice-Hall, New Jersey, 1964. 
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BASIC 



These two are plotted versus w in Figures III . 2-2 and III . 2-3 . The numerical integration 

as required in (5) to obtain Bn done on the DEC 10 computer. The corresponding 

a was obtained using (8) with S/N « 31.46. Thus the basic AN/APQ-153 has: 

For Ro Bn = 4.36 Hz and orq = 3.85 ft 

For tio Bn = 5.68 Hz and = 4.4 ft/sec 

Thus, the NASA Mod system needs to have a noise bandwidth of 0.5 Hz as compared to 

the basic noise bandwldths of 4.36 and 5.68 Hz, a factor of about 10 in noise- 

bandwidth reduction. 

Now, there are many combinations of a and b to obtain Bn 0.5 Hz. For complex 

conjugate poles of H(w) (x + iy) the family of a and b for fto becomes: 



For combinations of a and b which yield H(w) with negative real poles , the following 
table gives the corresponding noise bandwidth Bn* 















































FIGURE III. 2-2 
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FIGURE III. 2-3 




21 


Values of gn for I H (w) | 2 
A Function of Real Negative Poles 


b 

a 

Pn 

111 

23 

4.66 

50 

14.33 

3.58 

10 

6.333 

1.58 

- 8.88 

- 4.44 

- 1.35 

2 

3 

'.15 

1 

2.01 

.50 

1 

2.05 

.51 

1 

2.12 

.53 

1 

2.5 

.625 


Comparing the Range Tracker Simplified Block Diagrams in the Range Tracker Mod. 
ECit section. Figure III. 1-2, with the parametric form in this section, Figure III. 2-1 
the K parameters become: 



Basic 

NASA Mod. 

Kl 

37 

37 

K 2 K3 

10 

0.8 

K4 

2.09 

0.4 

K5 

0.3 

0.3 

- Kl K4 Ks 

23.2 

4.44 

- Kl K 2 K 3 Kj 

111 

8.88 

- Kl K 2 K 3 

370 

29.6 

8 n (for Ro) 

4.66 Hz 

1.35 Hz 

K6 

1.5 

15 

T 2 

.064 seconds 

.500 seconds 


•’ 1.12 with Rq output 
RC filter 











22 


IV. RADAR TO COMPUTER INTERFACE DESIGN 

Emerson agreed to assist in developing an interface design compatible with 
the AN/APQ-153. The following describes the interface design and includes a sche* 
matic diagram and a parts list. The NASA "Technical Description of Digital Inter* 
face for AN/APQ-153 Radar is included: 

The AN/APQ-153 Digital Interface uses a modular data acquisition system (DAS) 
(Datel Systems Inc. P/N DAS-16-M12B1C3B)*. This module only requires power and 
input/output signal conditioning as shown on schematic diagram ESK 1QC2* Fxlefly 
the major parameters of the DAS system are: 

1. Eight (8) Jlfferential input channels. 

2. + 5V bipolar input range. 

3. Offset binary coding, i.e., - 5.000V => octal 0000 and 
+ 4.9925V = octal 7777. 

4. 12 bit output resolution including sign. 

5. Simple RESET, CONVERT, and BUSY control lines with automatic 
channel sequencing. 

6. + .025% of F.S. system accuracy. 

Schematic ESK 1002 shows the signal conditioning circuits of each channel betwten 
the input connector J1 and the DAS J1 connection. Each channel is described below: 

Channel 1 

Channel 1 has the dual velocity signal conditioning circuits. Switch S2A and 
S2B select low (+ 250 ft/sec) or high (+ 1,000 ft/sec) ranges of velocity. This 
assumes that + 1,000 ft/sec is equivalent to + 5V input signal. Individual gain 
and offset adjustments are provided for the inverting amplifier Al. A 1 Kz 3-pole 
low pass filter (A3) is provided between the amplifier and the DAS Channel 1 input 
to filter 3 and 6 Hz con scan noise. Channel 1, as well as all other channels, are 
provided with input signal overvoltage protection consisting of CRl, CR2, CR3, CR4, 
R32, and R9. FD-300 low leakage diodes are used in these limiter circuits. Since 

the channel inverts the signal and the digital output is negative logic. It Is 


*See Appendix B. 
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Intended that the Interface cable or computer interface invert or complement the 
velocity data as required. All other channels also use Inverted signal Inputs so 
that all output data words will be consistently negative logic for reinversion as 
required. 


Channel 2 

Channel 2 has the dual range signal conditioning circuits. Switch S3A and 
S3B select low range (6,000 ft) or high range (60,000 ft). This assumes that 0 to 
60,000 ft is equivalent to 0 to 60 VDC input signal. Individual gain and offset 
adjustments are provldea for the inverting amplifier A2. The offset adjustment 
offsets the amplifier A2 to ■<* 5.0 VDC for a 0 ft (OV) input signal. At maximum 
range either low or high the amplifier output is -5 VDC. Thus the range signal is 
digitized using the full 12 bits of resolution. 


Channels 3 thru 7 


Channels 3 thru 7 are assigned as follows: 


Channel 3 
Channel 4 
Channel 5 
Channel 6 
Channel 7 


Az 

Az Rate 
El 

El Rate 
Logic Signal 


These channel inputs are direct except for input protection circuitry. As per 


telecon with NASA personnel, direct Inputs of these parameter voltages within + 5 
VDC is acceptable. It is assumed that computer software will calculate parameter 


values from the input voltage v.s. parameter value calibrated values. 


Channel 8 

It * 

This channel has not been connected and the output word is a don't care value. 
The channel sequency will be as Indicated above unless otherwise desired. A 
different sequence can be easily incorporated. Channels may be sequenced at a rate 
to 50 KHz, if necessary, for signal averaging. 



24 


An internal power supply option has been provided (for 400 Hz operation) if 
desired. Power switching and fusing has been provided. 

Output and input drivers and receivers are dual rail logic of the National 
Dlffi830 and DH8820A types. TWo least significant bits are wired to zero. These 
and the 12 bits of the DAS give the 14 bit desired data word. 

Interconnecting cables are not included in the P/L although mating connectors 
for testing are included. 
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IV. 1 Technical Description of Digital Interface 

1.0 SCOPE 

This description is for an add-on A/D converter and Digital Interface for the 
AH/APQ-153 modified by Qaerson Electric for NASA-JEC under contract NAS-9-13675 
and NAS-9-14760. 

2.0 PERFORMANCE CHARACTERISTICS 

2.1 Parameter Output Format 

a. Natural binary with MSB » Polarity. 

b. 13 bits plus sign per word. 

c. 1 word per parameter. 

d. 8 parameters per sequence. 

2.2 Parameter Designation 

a. Range. 

b. Range rate. 

c. Azimuth angle. 

d. Azimuth angle rate. 

e. Elevation angle. 

f. Elevation angle rate. 

g. Lock-on Indicator. 

h. Blank word. 

2.3 Computer Handshake Details 

a. Request signal: 

Positive Polarity 

2.4 - 5.0 V level 

b. End of conversion signal: 

Positive logic 

2.4 - 5.0 V E.O.C. 

c. Computer will supply master reset signal, then strobe in 
sequence for 8 parameters. 

d. Standard 8820 and 8830 line transmitters and receivers 
will be used. 

2.4 Output Signal Levels 
Positive logic, TTL compatible. 
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2.5 Data Line Drive Requirements 

a. 50 ft maximum, twisted shielded pairs. 

2.6 Data Rate 

a. Less than 5 request per second. 

2.7 Parameter Scaling 

a. Range, full scale 

Selectable, 0 - 6,000 ft, or 0 - 60,000 ft. 

b. Range rate, full scale 

Selectable, 0 - 250 ft/sec or 0 - 1,000 ft/sec, bi-polar. 

c. Angle, + 45 full scale. 

d. Angle rate, + 20 /sec full scale. 

3.0 POWER 

Power for unit shall be either supplied from radar or from 400 Hz supply. 

4.0 PHYSICAL CHARACTERISTICS 

4.1 Size 

19 inch rackmount, 5-1/4" high, 18 inch maximum, depth. 

4.2 Panel Color 
Light gray. 

4.3 Identification 

a. Nameplate on back, name on front. 

4.4 Cooling 

a. Ambient air without fan in air conditioned laboratory. 

4.5 Switches and Adjustments 

a. Located on back of unit. 

4.6 Interface Connectors Requirements 

a. Located on back of unit. 

b. HS-3116, MS3126, Bendix PT06 or JT06 or equivalents. 

c. Input, output on separate connectors. 

Additional technical notes are in Appendix B along with the entire interface 


schematic ESK 1002. 
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V. COMPARISON BETWEEN NOW-COHERENT AND COHERENT RADARS 

The Ku-Band Shuttle Missions yield radar requirements for the terminal phase* 


(<8nm) as follows: 

Minimum Range 
Search Angle 

Range Accuracy 
(3o) 

Range Rate Accuracy 
(3o) 

Angle Rate 

Angle Rate Accuracy 
(3a) 

Angle Accuracy 
(30) 


100 ft 

90 X 90 III. 10 X 10 I and II 

IZ (100 ft to 5 nm) 

390 ft (5 to 30 nm) 
open (30 to 300 nm) 

+ 1 ft/sec random 
Range less than 30 NM 

4 mr/sec acquisition 

5 degrees/sec track 

0.14 mr/sec R < 30 nm 

10 mr R < 30 nm 
60 mr bias 


The radar operational requirements: 

Above within 10 seconds following AV - 10 ft/sec 

Range Acceleration == 0.5 ft/sec^ 

Recovery after break lock within 2 seconds 

R < 10 nm Closing 100 ft/sec 
Opening 50 ft/sec 

Velocity limits R > 10 nm Closing and Opening 300 ft/sec 

The non-coherent pulse radar design can be sketched to meet the requirements 
in range and range rate. The parameters are listed in the following Table V.l: 


TABLE V.l 

Ku-Band Non-Coherent Rendezvous Radar Parameters 


Power: 80 KU Peak; 80 watts average: .001 duty cycle 

Range: 7 Nautical Miles 

Antenna Gain: 35.4 dB; Noise Figure = 5 dB; Losses 5 dB 

Pulse Width: 120 nanoseconds; IF Bandwidth « 20 MHz 

Pulse Repetition Rage: 8000 Hz; Tracking Noise Bandwidth = 1 Hz 

Single Pulse Signal /Noise Ratio « 10.2 
Non-Coherent Integration Gain » 23.5 dB 
Range Error (lo) =0.4 feet 

Range Rate Error (lo) = 0.26 feet/second (differentiated range) 
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The pulse width is chosen as 0.120 us. Frequency agile magnetrons (Varian 
associates) exist with this order' of pulse width. The corresponding round trip 
time at the minimum range of 100 ft (.491757 feet/nanosecond) is 203.35 ns. Thus, 
the receiver has 83.35 ns to recover after transmission. A Ferrite diode limiter 
combined with a PRE TR tube can enable sufficient receiver protection and recovery 
to obtain a very high signal-to-nolse ratio for the (Tr = ft and the<^ = ft/sec. 
The duty cycle of .001 is typical so that a PRF of 8000 is consistent. The maximum 
unambiguous range for the PRF is 61,469 feet or 10.11 nm. An 80 watt average p»"<"* 
magnetron would then have an 80 KW peak pulse power. The BCu-band dtenna gain (for 
the same dimensions as our present X-band AN/APQ>153 non-coherent pulse radar system) 
is about 35.4 dB. The predicted noise figure and ''osses are both 5 dB. The effec- 
tive range tracking servo bandwidth can be on the order of 1 Hz. 

The next step is to recall the basic definitions and determination of the 

single pulse (no integration of pulses) signal-to-noise ratio (S/N) . 

® (Skolnik*, page 20) (1) 

Signal power at receiver (watts) 

Transmitted power (watts) 

Antenna gain 

Antenna effective aperture (meters^) 

Radar cross section (meters^) 

N “ h To Bn Fr (Skolnik*, page 24) (2) 

Noise power in receiver output of IF (watts) 

290 K IRE standard 
IF receiver bandwidth (cps) 

Noise figure 

Boltzman's constant = 1.38054 x 10"^^ 

l\ 

A2 c ' 

A_ = — (meters^) (Skolnik*, page 263) (3) 

IT 

Wavelength (meters) 

Antenna gain 

*Introduction to Radar Systems" Merrill I. Skolnik, McGraw-Hill^ 1962. 


S - 

Pt = 

G = 
Ae = 


N » 
To = 
Bn “ 
Fn = 
k = 

Effective 

Aperture 

A = 

G « 
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L « Loss factor (4) 

Dividing (1) by (2) and substituting (3) and (4) the IF signal—to— noise power ratio 

becomes (5) (on a single pulse; no integration of pulses). 

J- = Pt G2 x2 o 

N (4ir) 3 (r 4) (k To Bn Fn) (L) 


Ihe other parameters which are needed are these: 


R » Begin tracking range » 7 nm » 12,964 meters 
a = Rendezvous vehicle effective radar cross section = 1 meter^ 
To = 290 K 

k « 1.38054 X 10-23 joules/OK 
X = .021763 meters (at 13.775 GHz) 

BR = Bandwidth of receiver IF (20 MHz) 

Tg = Total split gate width » 2 x pulse width (.24 us) 

T “ Pulse width (.120 us) 
f « PRF (8000 Hz) 

Bn « The noise bandwidth (IHz) 

5 

— = Signal-to-nolse power ratio after integration gain 
Recalling a prior equation |*(8) in Range Improvement Analysis section] 



The results of exercising the above equations is the lover set of values in Table V.l 
in which the error o is nearly at design goals. The target Induced errors are 
caused by glint or scintillation effects are considered separately in later 
paragraphs. 

One constraint determining the lower limit on the range-rate bandwidth (or 
the upper limit on the non-coherent integration time) is the rate of change of 
range-rate due to target eg acceleration. During thrusting (or AV time) this may 
be on the order of 0.5 to 1 foot/second^. However, this need not be a design goal. 
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In the remaining time, it may be on the order of 0.1 feet/second^. The range rate 
measurement error is given a one sigma value of 0.333 feet/sec. Thus, the mavimiim 
Integration time can be about 3-1/3 seconds. Consider target rotation: 

w « .01 rad/sec 
r > 9 meters 


FIGDRE V.l 

Vq = V cos 8 = rw cos(wt) ^nmaxlmum * ™ “ .29527 feet/sec 

= rw2 sln(wt) = rw2 = 0.0029527 ft/sec2 

dt dt maifimmii 

Thus, the range measurement error o = 0.333 ft at 100 ft limits range integration 
time to about 1 second. As a conservative design goal, 1 second Integration time 
for the range-rate measurement and 0.3 seconds for the range measurement shall be 
used. 

The mechanization of the non-coherent pulse radar is grossly outlined in 
Figure V.2. The range tracking implementation may be as shown, but there are a 
few alternative schemes. 

Range and Range Rate Tracking Instrumentation Alternatives 
I. Digital Instrumentation General Constraints ; 

A. 20 to 50 nanoseconds early and late gating and/or sampling on the differ- 
entiated leading edge. 

B. 5 nanosecond basic clock period using ECL technology. 

II. All Digital Tracking Loop ; 

A. Alpha-Beta tracker algorithm and digital Implementation: 

1. Type 2 servo; double integration in forward transfer. 

2. Zero errors for constant position and velocity type Inputs. 

B. Vernier solution to positioning split-gates or sampling down to 0.1 
nanoseconds. 



NON-COHERENT PULSE RADAR 
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III. Parallel Analog VCO Gating Loop and 
Digital-Time- Interval Measurement 

A. Split gate range discriminator. 

B. Integrator and compensation transfer. 

C. Voltage controlled oscillator with split gate outputs. 

D. Synchronizer gating of 200 MHz clock counting. 

E. Averaging Digital Time Intervals (multiple of 5 ns) for improved 
(•^ factor) time and range accuracies. 


The pulse doppler coherent radar design can also be designed to meet the range 
and range rate requirements. The parameters are listed in the following table: 


TABLE V.2 

Pulse Doppler Coherent Radar Parameters 


Power: 

Range: 

Antenna Gain: 

Pulse Width: 

Pulse Repetition Rate: 


400 watts peak; 8 watts average; duty cycle =■ .02 
7 nautical miles 

35.4 dB; noise figure » 5 dB; losses » 5 dB 

2500 nanoseconds; IF bandwidth = 1 MHz 

8000Hz; Tracking Bandwidth - 8 Hz Coherent 

3 1 Hz Non-Coherent 


Single pulse signal/noise ratio » 1.05 

Coherent integration gain = 30 dB + 9 dB non-coherent in doppler 
tracking. 

Range rate error (lo) =0.1 feet/second (at 7 nm) (excluding 
target motion Induced errors) 

Range error (lo) =23.2 feet (at 7 nm) (if implemented like non- 
coherent; excluding target motion induced errors) 


The pulse width must be chosen for the high duty cycle of the transmitter of 
0.02. The average power is 8 watts with the peak then of 400 watts (this is extra- 
polated from our coherent pulse doppler development EC153). Tlien with a PRF of 
8000Hz, the pulse width comes out to be 2.5 us, and the corresponding IF bandwidth 
is about 1 MHz. 

A gross mechanization scheme is shown in bloc . diagram form in Figure V.3. As 
shown, there is needed a specific range tracking loop for determination of range, the 
range rate being determined by the doppler phase-locked loop. 



HVPS/ U PRF JFREQ. DIV 

PULSER r GENERATOrF J SSfi 



COHERENT PULSE DOPPLER RADAR 
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The basic equations (1) thru (6) hold for the coherent system with a different 

set of parameter values: 

Br » 1 MHz 

Tg = 5.0 |is 
T = 2.5 us 

Coherent Integration Gain « 30 dB 
Incoherent Integration Gain » 9 dB 

■ 400 Jiratps 
Bn ° 1 Hz 

Others are as in the non-coherent system. The results of exercising the equa- 
tions is the lower set of values in Table V.2 in which the error o*s are better 
than design. The target Induced errors that are caused by glint and scintillation 
and vehicle rotation are considered in the following paragraphs. 


Close-In Ranee Problem with Targe t 
Generated Range Errors 

itendezvous Target Minimum Representation: Two point reflectors 

of equal amplitude 18 meters apart and rotating at 0.01 
radians per second. 

Rendezvous Target Maximum Representation: Complex reflections 

of unequal amplitude extending 18 meters and rotating at 0.01 
radians per second. 

For the 20 nanosecond leading edge tracking non-coherent system with frequency 
diversity, there are no in-front-of vehicle Induced target motion errors. 

For the 1000 nanosecond centroid velocity tracking coherent system (without 
frequency diversity) the NRL Cross and Evans "Target-Generated Range Errors" paper* 
illustrates how bad the errors can become if the pulse width is long compared to 
target length. Experimentally the range error RMS can be about one-fourth length 
or up to 15 feet. Using the extremely difficult frequency diversity with the cohe- 
rent system, this could possible be reduced by a factor up to four to yield possibly 
4 feet RMS range error. With a 1 second velocity smoothing the velocity RMS error 
would be on the order or 4 feet/second. 


♦"Target-Generated Range Errors" by D. C. Cross and J. E. Evans in IEEE 1975 Inter- 
national Radar Conference Record, pages 385 - 390. 
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Doppler - Velocity Coherent _Phase-Lorkeri 
Loop Tracking with Frequency Diversity 


Transmitted 
Frequency 
f t - fl - Af 


! 

PURE 

TRANSPORT 

DELAY 

To First Mixer 


f t - f 1 - Af 


Delay Time From 
Range Tracking Loop 


Af Is programmed frequency diversity. For example, the Af can be varied from 
one pulse to the next, but holding the transmitted frequency constant during each 
PRF period. However, to maintain phase coherence in changing frequency while enab- 
ling the coherent phase-locked loop to remain locked-on, the transmitted frequency 
must be delayed by the round-trip time (obtained from the range tracking loop) before 
used in the first mixer. This is a very difficult instrumentation problem to realize 
adequately, and in any case requires extremely good range tracking to make it 
practical. 

Pomparison be tween Non- Coherent 
and Coherent Rendezvous Radars 


Non-Coherent 


Coherent 


Power 

80 KN: 80 watts: .001 

0.4 BCW: 8 watts: .02 

Bx 

1 Hz 

8 Hz Coherent 
1 Hz Non-Ccherent 

Ig 

23.5 dB 

30 dB Coherent 
+9 dB Non-Coherent 

T 

T = 120 ns 
Tr = 50 ns 

2500 ns 
1000 ns 

OR(at 7 nm) 
(at 100 ft) 

0.4 ft 
< 0.1 ft 

23.2 ft (if range implemented no 
<0.1 ft glint considered) 

OR(at 7 nm) 

0.26 ft/sec 

0.1 ft/sec (if no glint considered) 

Target 
Induced * 

.. oft 

Errors 

< .4 ft 
<0.3 ft/sec 

> 4 ft 
^ 4 ft/se' 
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APPENDIX A 


STATEMENT OF WORK 
FOR 

RADAR PERFORMANCE IMPROVEMENT 
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1.0 PURPOSE 

1.1 Objective 

The objective of this Statement of Work (SOW) is to describe the effort 
required to provide three modification lists for evaluation on the AN/APQ-153 
Fire Control Radar. The kits are to be designed to fit within the existing pack- 
aging constraints of the system. 

1.2 End Product 

The end products of this contractual effort shall be a frequency agility kit 
to permit JSC to evaluate system performance with and without agility, five modi- 
fied circuit boards and bandwidth reduction to improve the range rate accuracy. 

2.0 SCOPE 

2.1 General 

The Contractor shall provide the necessaiy resources to perforin the fabrica- 
tion and delivery of. the frequency agility kit and to perform the analyses and modl- 
ficatlone of the circuit boards as specified in Section 3.0 of th73 SOW. 

3.0 TECHNICAL REQUIREMENTS 

3.1 Frequency Agility 

3.1.1 General 

Addition of the frequency agility option shall improve slgnal-to-clutter ratio, 
provide ECCM, increase detection range, reduce STAE (Second Time Around Echo) and 
reduce target fade and glint. All this shall be accomplished with the present LRU/ 
envelope; the only LRU impacted shall be the receiver-transmitter. The weight of 
the LRU shall increase by a maximum of approximately 3 lbs. 

3.1.2 System Operation and Performance 

The operational performance of this pulse radar shall be improved by the use 
of frequency agility where the transmitted frequency is changed on a pulse-to-pulse 
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basis. Varying the transmit frequency to separate pulse frequencies for a series 
of pulses during the time the radar beam scans a target shall reduce the correla- 
tion between various undesired radar returns such as clutter. Targets shall appear 
more uniform to the pilot. The probability of detection shall also increase as 
shown in Figure 3.1 for a two square meter target. Frequency agility shell improve 
angle tracking performance for the angle track option as the accuracy of a tracking 
system to determine the deviation of the target axis frexn the antenna axis is 
affected by target glint and fading, refraction errors in radomes and variations 
in the propagation media. These sources of angular resolution errer shall be 
averaged down by rapid variation of the transmission frequency. The peak-to-peak 
frequency excursion shall be 100 MBz at an agility rate of 85 Hx. 

3.1.3 Hardware Description 

Frequency agility shall be mechanized in the receiver-transmitter LRU as 
shown in Figure 3.2. The present 6543 magnetron shall be replaced with an agile 
magnetron which has the same high vc'^age and RF (Radio Frequency) interface with 
the modulator as the present magnetron. 

Tm techniques sha-1 be considered for this application. The first technique 
is to dither a tuning application. The second technique is to drive an expanding 
ring at the agile rate to va’^r the ca*'ity dimensions. In either case, a PM (perma- 
nent magnet) resolver shall be attached to the motor shaft to provide a readout 
voltage proportional to the transmitter frequency. This output shall be used in 
the coarse AFC loop. The frequency agility technique requires that on a pulse- to- 
pulse basis the transmitter frequency be separated by an amount greater than the 
receiver bandwidth (3 MHz). This requires the transmitter output to be frequency 
modulated. The frequency modulation and agile rate are determined to be 100 MHz and 
85 Hz, respectively. Since the transmitter frequency is changed on a pulse-to-pulse 
basis, the AFC (Automatic Frequency Control) local oscillator (LO) must track the 
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varying transmitter frequency. A block diagram of the frequency agility system is 
shown in Figure 3-3. The AFC loop is required to sample the transmitted RF fre- 
quency during the transmit pulse and then to generate a local oscillator frequency 
separated from the transmitter frequency by the system IF (Intermediate Frequency). 

As the transmitter frequency changes from pulse-to-pulse , the tracking local osci- 
llator stabilizes to the transmitter frequency before the transmitter pulse is 
turned off. That stabilized frequency must be maintained over the interpulse period 
at least for a length of time corresponding to the maximum range of 20 NM. The AFC 
consists of a coarse and a fine tuning loop. The outer or coarse loop utilizes the 
magnetron tuning drive resolver output, which is proportional to frequency, as the 
feedback for the coarse loop. The local oscillator frequency is controlled using 
the resolver pickoff as the feedback to tune the LO each time the system sync pulse 
occurs. Since the system sync pulse occurs approximately 8 microseconds before the 
transmitted pulse, the coarse AFC loop has 8 microseconds to settle to within the 
coarse pickoff frequency. Upon the occurrence of the transmitted pulse, the AFC 
fine loop then samples the transmit frequency and closes the fine loop around the 
local oscillator t'' maintain the local oscillator within the IF separation. This 
frequency of the local oscillator is then held for a time corresponding to 20 NM 
range. 

As the frequency agility- modication requires a new LO, a unit with the same 
physical dimensions as the present LO and a tuning range compatible with the required 
new agile magnetron shall be installed in the same location. The receiver module 
which is shown in Fi-oUfe 3.2 shall contain the AFC circuits. With the addition of 
frequency agility, an additional circuit board is required in the receiver module. 

To accommodate this, the height of the module shall Increase approximately 1/2 inch. 
This allows the installation of the new AFC circuits which required two printed cir- 
cuit boards to replace the existing single AFC board. The additional height of the 
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receiver module shall not require an increase in tt overall receiver-transmitter 
LRU envelope. 

3.2 Modification of Circuit Boards 
3.2.1 General 

The basic AN/APQ-153 is required to track targets with velocities of 3,000 
feet/second closing a 1,000 feet/second opening. The operating velocity limit re- 
quirements for the rendezvous' mission are not as large. Modification to the range 
tracker to operating velocity limits of 300 feet/second opening and 100 feet/second 
closing will decrease the tracker noise bandwidth. This in conjunction with ex- 
panded analog scale factors will provide an improved tracking capability that is 
closer to the requirements of the rendezvous radar. 
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I All items and/or documentation required to be furnished under this contract shall 
be delivered by July 31 > 197o. 

I A. Paragraph 3»3. is added to the Statement of Work as .follows: 
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3«3 Tjiterface Besi.?^ 

The contractoi' shall assist in developing an inter:;'ace design ccmpatable 
vith the Radar System. The design shall be arrived at through en.gineering 
discussions. A final design concept and drawings will be supplied as part 
of the end product of this contract. 

These changes are effected at no cost to the Government. 


m pro^d «4 h«v«iA, «n Itroit md co«Nfiilon* of Iho docwnisivf roformncsd In bliol §. oi homhrforo <heng* 4 , iomoIo ow t foi o gsJ ond In hill foiro ond 

TI 71 

D io'vcn^ih's'oo^ veouitto q coNnuciot/omioi is iecuiud to sicn n«s document and •tru»i__3_wOfits ro issuing onia 



iSigAo^t* »tfkom«d hi • g<*| 


IS. KamJ and hue OE SiOnU ( Itpt *r pmO 

16. OAlt blONlO 

10. NAMt OE CONIHACIING OlEKtO < Ifff tr pnml) 

19. OAU IeIwFtO 

j E. W. Pcllcgrin 
Han.-\ncr of rontr.irt.?; 

e/v7(. 

Jnmr.': W. Vm.''.on 



IF. UNIUO StAtU Of AA^IIiCA 


|i*gAulv' 


I CoMiio.tny Oi7*««i| 


7 


tl^SA»j'*l 


O-IOI 



42 


APPENDIX B 

MARKED-UP DRAWINGS AND OTHER 
RELEVANT TECHNICAL DETAILS 












^ VvA'M /’/w6*C^<5» 

A^s-r A^'iA>i»(i^ /V^ 

/> > • « C' 

(2^ r< <f f • ' ■J ^ /t' 

/^^p> Per 


^ s/e*iAt 9Jmej 

MARtieo M 6AeK/f 

AH€ //« r 4^t<P9D ' 

KVT /Af*^ Assy, 


115 Y ^A 


i rta ; 

■ |%— _f 

C»»54>I 



MS 'I 


\ ' I . 


I if I — AkaoCltZ.- 


ft9^ ^gP<ff 


m.. . I, 


4r — 






."iSLi I 


F0L’A)UT FRA-^I 


A ^ 


















AZ 





AS. . . 

7 'SC^MATk: S^Oe^TTUL ’A' 
6»33f£S p 

MiCAcw^ffb /4SSV 



P»>gQ COMTaot. 











7 THIS DRAWING IS OfTAILEO ONLY TO THE DEGREE 
NECESSARY TO ILLUSTRATE RELATIVE LOCATION OF 
COMPONENTS TO BE ASSEMBLED AND IS NOT INTENDED 
TO ILLUSTRATE TflUE SCAl'e OUTLINE RELATIONSHIP 




A * 


IT. Set SUS£T 2. (scmEMA.' a'' 


-C 


IKiCrt VS; Cm 

FABRICATE PER 09016. SEE PARAGRAPH 5 09016 FOR NOTES 1 THROUGH 6 
NOTES S ^ 



POJ.DOUT FRAME \ 






FOR REFERENCE DESIGNATION B, PARTS LIST ITEM NUMBER 
RELATIONSHIP SEE CORRESPONOiNG NUMBER RD BOOKFORM . 


A 

Sc£ =.acET Z (%c.w 6 N/>»>t 
IMC» .2 i>o 

tOUGH B 


POLp^ttt ’ ii-: 2^ 


DRAWING 


I V«l(U 9 Fpf*t*«( ta»»*AfT*D 

Mmoai BM w «c»it » 4 ^s 

I l04l*BAaiO» OA'ABC*.* 

I BU-tAit ••M* 

I li 

H .-01 'O'w — 

a 1 1 • UIM • 1 ' - ■ - ■ ' 


liaSMnf r«A« * -L' v«Ait ‘a ’ 
■BiKMO^vKI^ hV»» .»■» 

Ipf^OUT Ntt 1 ■»«aC(r* U* 

UMir-r ti /■«— A>.» 

•V ~ fMEHSON EUCTIIC CO ^ 

|1 lllill ■<>»»• Milt 

CiRCUrT CAHD ASSEMBlY- 
_i_i- POWER SUPPLY BIT 

WltM 4 ^- 7-1 

JzliliiD 20418 ( ^ oLD‘ni 3 


rxd 


Cc’ 56 ><=> 7 a. 



























rt AM. 


4S 




-*S- 








C44. 





*7 






ir««jii V 

■r^ ^»w4. 


It/ 






t 






























7 • 




•i 




I 


. -4 K 

* 





. • 

FOLDOTTT mS^ 


■ L 

I *. 




;- 




s 





in 



# 


n o 

,JHll 





' /• 



tOLT)otrr 


FEAMfl\ 










' . . M- 






... 

1 









■ . i'AGE 13 Poor 


proprietary notice 

Emerson El^mrCo* ® *» »» 

Lou«. ft is provided to ^ tor^v^ , Division. St 
capabiliiies, ideas and prooosate. Division; 

be published. reprodueeT^1osIS'« 










i»i 








lur V'-..- - 


i- ■ ’ 

• T"*-- -(Vi 


J* - - I - 

» 5 (> ./» 

’ Dtt:: 

Uc:*i.»’- J 

i,, t 

r - - ' - *n 

^ ‘ " ■ 

- - ^ 

V ^ - i- 'r -■ 

I ^t> ' - .‘ ~ ^ — — 


"lnforn»7 NQTICE 

Emerson Etec>?c"^riteci!r P^^ate to the 

Louis. It is prowued to you^ T St 

^ published, -.v no 

Inated wif-ou ^ ■ 


WCT4#?y Notice 

rr/^/rr"”^ 

toutorev St. 

' dischxu ■'‘•*■'00 ly not 
^ otnerwse ^„em. 

•• •uthor,. . io.. Of the oivlstorw“ 


tCW)XJT 


L'T ^ 


• 'i 

iLtU p.‘>* »»,a».s».t»,.>ti'l.^ 

• T 2 «s 3 i 2 iAaX-SrP 


AIA5<» Of»T» /towns; now SrST£f% (fV H :hiNttr) 

fSK /ooz 'o^u 





f.bts ^ REPEODUCiliiLriT 01’ T 

Opv \L iw^i: ly PO'' 
















































































F.b 65 





















































































S Lts?* _ i L^adaa 

SYSTEMS. INC. 


AC**": 

DATA Acauz'nc:: s’/stri 


FEATURES ^ 

► Small Siza 1.5” x 4.5” x 5.(T ] 

► Complete . Simply Apply D.C. Power 

► Two Modes 

of Operation . . Random or Sequential 

► High Input Impedance . . . 10CM ohm 

► Low Power 

Consumption Less than 7 Watts 

► Fast Throughput Rate Up to 100 KHz. 

► High Resolution Up to 12 Binary Bits 

► Variety of 

Output Formats Binary or BCD 
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TYPICAL APPLICATIONS 

□ Air Pollution Data Gathering and 
Analysis 

□ Automatic Testing of Components 

□ Meteorological Data Gathering 

□ Biomedical Data Gathering and 
Monitoring 


r:st SYsnr.1 in a iiwrjL' Fnicio C245. e.i 


GENERAL DESCRIPTION 

Oatei Systems' Model DAS- 16 is » new epproach to the Data Acquisition 
System, a "Complete Data Acquisition mocule", occusymg only 34 cubic inches 
ana weighing less than 18 or. Through the use ot MOS and Monolithic circuits 
and unique packag ng tecnniques, Detel has significantly reduced the size 
over competitive systems, at the same time reouang cost. 


□ Geophysical Testing 

□ Chemic*' Process Analysis and Con- 
troi 

□ Telemetry Data Reduction 
C Oceanographic Data Logging 

NEW CATALOG 
A/D - D/A CONVERTERS 

A comprehensive 70 page catalog de- 
scribes in detail Datel's complete line 
of ultraminiature A/0 and 0/A con- 
veners and accessories. 

Write or call for immediate receipt of 
this catalog. 



S', srem DAS - 16 was designed primarily to interface directly with most 
mini-computers available on the market tocay. For reai time data legging. 
System DAS - 16 can be interfaced to printers, paper tape punches, solid state or 
core memory and magnetic tape recorders. 

DAS -16 contains an eight or sixteen channel Multiplexer, Sample & Hold 
amplifier. Analog ic Digital converter. System Secusneer which includes ail 
necessary control and . m .erface logic and a solid state readout, displayirtg 
multioiexer address and the analog to digital output value. 

Random and Sequential aodressing .s employed to cnhanct system flexibility. 
Mode selection is determined by external control signals. Individual channels 
may be sampled at rates consistent with their particular bandwidth. 

OAS-16 is available with input ranges of Oto+SV. 0 to -flOV. ± 5V, or ± 10V at 
an tr.p'it impeda.nc<: of ICO megonms. Overall accuracy is ± 0.05% with a 
temperature coefficient of ± 4C pom/’C. DAS - 16 will operate over an operating 
temperature range of 0° to -ryO'C. Gam and offset adjustments are provided, 
however lonp term stability is excellent, so it will seldom be necessary to 
re’dtust the external gam and offset trims once the initial adjustments are made. 
Output coding can be Binary or BCD with word lencthi of 6. 10, 12 Binary bits 
or 3 digit BCD. System throughput rates are ie up to ICO KHz {8 Binary 
bits). 60 KHz (10 Binary bitsi, and 50 KHz (12 Binary bits). 

WHO WILL USE CAS -16 

Applications include measuiing. study mo, end comcuting data in analog form. 
This includes variables like pressure, temperature, force, position, velocity, and 
volt-tre that are continuous. 

An engineer wants to utilize DAS-16 for converting analog data to digital codes 
for three reasons: 

1. ) He wantr to do some comouter analysis, ar.d computers require 

numc'.c.-' form such as b n-.ry digital codas for input. 

2. ) He wants to do some telemetering or transmission of the data. 

3. ) He wants to store rrulti channM data for s long p«*nod without 

degrading it, anti ihe output ot DAS - lb can pe stored in cores, tape 
memo. ICS or most other storage media. 
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ODES OF OPERATION 


itt kifMt analog signals may ba muitiplaxad for digitizing in a saciutntial or random manner. Mod# selection is determined 
V control signals and by hard • wnre jumpers (sequential mode for channel short cycle). 


IJ the "Sequential Mode", analog multiplexing is controlled 
by an internal binary counter. When the "Busy" signal of 
■*he analog to digital converter goes false the sequential 
I sunter is advanced to the next channel. A S ^tec delay is 
^>«cessary before converting, this allows for Multiplexer and 
Sample/Hold settling time. The last channel to be se- 
’ uenocd is determined by hard wiring, the short cycle 
I iputs to the sequencer counter outputs. If the full 16 
diannels are to be utilize^ the short cycle feature need not 
be used. v 

I tandom Mode 

In the "Random Mode" any of the 16 channels may be 
I addressed in any order. 

I Vhen the "Device Select" signal is true and a "Strobe" is 
generated with the appropriate binary code on the channel 
, address inputs, a channel will be selected. As in the case in 
I equential mode, a delay of 5 psec is necessary before 
Waiving a "Convert" command. This is to allow for settling 
time of the Multiplexer and Sample/Hold. When the Busy 
] ignid goes to False a new channel may be selected. 
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L SERIES: LOWEST COST 


SYSTEM OUTPUT 
ACSOlUTiON 
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Channel tNfuT 
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111ft opt 1 
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Sum to 

sO 02S% 

•0 025% 

£0o:ss 


£C 02SA 

SOnMC 

SOntec 


ftO ntee 

SO MIC 

tOOSNot f$ 

to OS Act fs 
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MULTIPLEXER 

h contains 10 MO&FET switches with associated driver circuits, 
each havino a current limner pull-up FET to provide minimum 
propaoation delay, also, irKludcd it all the necessary decoding logic 
tor channel selection. 

SAMPLE AND HOLD 

Batic element, are a hiqit input impedance non-invefting amptifier, • 
, lampte and hold FET tMitch/holdmg capacitor and a high gain 
I output amplitiar. 

, ANALOG TO Dl TAL CONVERTER 

I Tha A/0 contains a programmar/output ragister, a praeition 0/A 
* Converter, high-speed voltage comparator and an operational ttm- 
peratura compensated voltage reference source. A n^ified tuccti* 
five approximation technique it employed iMhich allows (or encod- 
ing speeds of 750 nsec/bit. 

SYSTEM PROGRAMMER 

It contain, a sequential and random addressable register or counter, 
interface logic lor strobing random or sequential operation, and all 
necessary logic to be addressed by the output of a mini-computtr. 

DISPLAY 

Both input channels and A/0 output value arc displayed by sixteen 
gallium phosphide red light-emitting diodes. 


M SERIES: HIGHEST SPEED AND ACCURACY 


OAS-U-L12D I OAS-1i-A18B I DAS-1E-M108 DAS-1A-M12B I OAS-16-MtO I DAS-1C-M12D 
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PRICE LIST 

(SINGLE QUANTITVI 
Madtl Friet 

OAS-16 L8B - $245. 
OAS-16-L10B - $205 
OAS-16 L123 - $445. 
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DESCRIPTION 

The Analogic MP230 is a low-pass three-pole active filter that is especially 
designed for high-precision signal-filtering applications where exceptional 
low-frequency passband performance. miniaturization, and low cost are im- 
portant system requirements. It includes a dual PET front end, an op amp 
output, and associated passive components; alt packaged in a compact low- 
profile fuliy-shieldedmoaule. See Figures 1 and 2. By excluding the active 
components from its dc path, the MP230 accurately processes sensitive in- 
put signals where extremely low offset voltages and low output noise are 
aitical. 

PERFORMANCE 

By incorporating the three poles of the filter in a Sutterworth configuration, 
the MP230 yields maximally flat passband characteristics and rapid attenu- 
ation of 60dB per decade above the 3-dB cutoff frequency. See Figure 3. 
Seven user-selectable cutoff frequencies from 0.5 to 100Hz are available. 
Characterized by lo w offset voltage (2 mV) and low output noise (1.4/uV p-p), 
the MP230 processes an input voltage range of 1 1 0 voits with a gain of nearly 
unity at dc. The input impedance of the filter is equal to the series resis- 
tance of the MP230 (dependent upon selected /3dB) and the load impedance. 
For optimum filtering, high impedance loads are recommended. A shield 
terminal separates the connection between the filter output terminal and 
the load input terminal, thereby eliminating board leakage eff.nts on the 
dc gain. The MP230, powered by x15 volts dc, operates over the tempera- 
ture range of 0 to -t-70“C. 

IMPLEMENTATION 

Although intended primarily for use with the Analogic MP221 Chopper 
Amplifier (see Figure 4), the MP230 Filter will function ideally in any user’s j 
integrating A^O conversion system or OEM building-block application that j 
requires low-pass signal filtering in the presence of low offsets and low | 
noise. These applications include low level buffers, measurement preampli- •, 
fiers, load cells, thermocouples, and strain cages. Packaged in a 2.0 by 1.0 I 
by 0.39 inch Modupac^M case for maximum component density and mech- 
anical protection, the MP230 is usually soldered to a user's PC card. Gold- 
plated pins enhance solderability and conductivity. An advanced shielding 
technique assures MP230 operation in hostile electrical environments and j 
allows optimal physical positic .ing without danger of mutual interference I 
problems. I 



FEATURES 

o Low Offset Voltage 
<2iV 


• Low Noise 
<1.4,aV p-p 


« vVida Input Voltage ifsnge 
=10 Volts 

Nearly Unity Gain 

* Masimaily riat Passband 

o Range of 3-cl3 Crtoff Freq';;:; 

A Rapid Attenuation Above Cotc-ff 
Frequency: 60 dB/Dc ;ad9 


applications 

• Instrumentation 
Load Cells 
Thermocouples 
Strrin Gen :» 

• Me?si;remciit PrrPfrpi.r.jrs 
o Lo’.v Le’vcl Buffers 


it— -wJ V 

The Digitizers 


Figure 1. MP230 Simplified Sehemeiie Drawing 
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A.NALOG INPUT 

Voltage H.'>nge 

!• 

Impccl^nco 

Offset Voltage 

'analog output 

Voltage Bangs 
ImpetioRce 


PO'.VSR 


RWr6k'"'"'-’-^i - Ob" TblE 


GAIN CHARACTERISTICS 
Gam at DC 

3dB Attenu3ti<m 
FreqtMiiCY (/3d2) 

Stopband Attenuation 


±10 Volts 

n filKr ^ R Icsd (kai 
2fiV ms-imum 


±10 Volts 

R-filtcr ± R load Ocfl); dependent upon 
as follows: 

/3dB(Hzl =100 33 10 3.3 2 1 0.5 
R filter ikCl] = 16 16 16 25 42 42 42 
1 4pV p p Jc>/J3d8 


1 - ±0.01%. as R-load (kH) approaches in 
R-load/R-fiUer + R-load 

lOa. 32, 10. 3.3, 2, 1. or 0.5 H;; con»u:: 

factory 

rojS^decade 


♦ISVdc 

-ISVdc 


ENVIRONMENTAL 
& PHYSICAL 

Operating Ternperiture 0 to +70“C 
Non-O.osrating Temperature — 25*’C to -rS3'*C 

Dimensions 2" x 1'* x 0.39" Modupac^*’ {50.80 x 25.40 
X 9.91mm) 
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FtgufeX MP230 Pmbmd Oiaracter iMic 



Simply Specify 
Configuration 


Modupac 
Card-Mounted MP 


MP230 

AN230 


3-dB Attenuation Frequency 

100Hz 1 

33Hz 2 

10Hz 3 

3.3Hz 4 

2Hz 5* 

1Hz 6 

0.5Hz 7 

'Standard filter stocked. 


Figui* 4. Low I jv*l Amplification and Fiitaring with Guardad Syttam in *■ tanco of 

Hi Cc mm Mode VolMiwi 
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